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The Mississippi Sound is underlain by late Pleistocene sediments topped by an erosional
unconformity, which was sub-aerially exposed during the sea level low-stand of the last glacial
maximum. During that period, rivers and streams cut across the exposed coastal plain incising
a network of fluvial channels. Subsequent transgression covered the incised drainage network
with a thin layer of Holocene sediments. A database of newly collected (255 km) and archived
(978 km) sub-bottom profile data, as well as 20 core samples, were analyzed to map the
paleotopography and paleofulvial drainage network of the Pleistocene-Holocene unconformity
surface beneath the western Mississippi Sound. Results indicate that the unconformity gently
dips to the southeast (<0.05°) and contains a complex network of incised paleofluvial channels
with relief ranging from 5-10 m and widths ranging from 0.3–2 km. Conceptual models for
paleo-channel incision and infilling as well as modern analogue depositional environments are
presented.
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INTRODUCTION
Most modern coastal environments, on passive continental margins, are directly underlain
by Holocene and late Pleistocene aged sediments. The uppermost stratigraphy of these sediments
reflects marine regression and subsequent transgression resulting from a eustatic sea-level
lowstand during the Last Glacial Maximum (LGM) approximately 20 - 11.7 ka (Bartek et al.
2004; Simms et al. 2007). Research indicates that the structure of this shallow stratigraphy,
particularly buried antecedent topography (also commonly referred to as paleotopography), can
exert a significant influence on a wide range of modern coastal processes (Belknap and Kraft
1985; Riggs et al. 1995, Mallinson et al. 2010, Twichell et al. 2013). Notably, infilled
paleofluvial channels (paleo-channels) incised into transgressive Pleistocene-Holocene
unconformable surfaces have been shown to control rates of modern coastal erosion and
accretion (Riggs et al. 1995; Miselis and McNinch 2006; Twichell et al. 2013), tidal inlet
position (Mallinson et al, 2010), sand ridge location (McNinch 2004; Browder and McNinch
2004), barrier island sediment supply (Rodriguez et al., 2004; Timmons et al., 2010), and
hydrologic conductivity (Mulligan et al. 2007; Russoniello et al. 2013; Spalt et al. 2018).
Additionally, paleo-channels can serve as repositories of relatively complete records of late
Quaternary coastal evolution in response to eustatic sea level rise (Anderson et al. 2014;
Mallinson et al. 2010; Zaremba et al. 2016). Despite the important role of shallow antecedent
geological framework in controlling modern coastal processes, research on this relationship has
1

been primary focused in the mid-Atlantic region of the US East Coast (Belknap and Kraft, 1985;
Riggs et al., 1995, Browder and McNinch 2004; Miselis and McNinch 2006; Mulligan et al.,
2007; Russoniello et al. 2013), with significantly less research focused in the Gulf of Mexico
(Hine et al. 2001; Spalt et al. 2018) including the Mississippi Sound (Mullenex 2016; Hollis
2018; Gal 2018). No investigations of this nature have been conducted in the western Mississippi
Sound.
The Mississippi Gulf Coast is underlain by late Pleistocene aged sediments of the Biloxi,
Prairie, and Gulfport Formations topped by an erosional unconformity, which was an exposed
land surface during the sea level low-stand (~120 m below present) of the last glacial maximum
(MDEQ 1994; Kindinger et al. 1994; Otvos 2001; Bartek et al. 2004). During that period, rivers
and streams draining upland watersheds, incised a network of valleys into the exposed shelf
surface (Dalrymple et al. 1992; Greene et al. 2007; Twichell et al. 2011), which extended to a
Gulf of Mexico shoreline line that was approximately 100 km south of the present Mississippi
coast (Galicki and Schmitz 2016) (Figure 1.1). Subsequent sea level rise and resulting coastal
transgression covered the antecedent topography of the fluvial drainage network with a relatively
thin (10-20 m) layer of reworked Holocene aged fluvial and marine marginal sediments (Kramer
1990; Otvos 2001; Flocks et. al. 2015; Greene et al. 2007; Nichols 1991; Allen and Posamentier
1991, 1993; Boyd and Honig 1992; Shanley and McCabe 1994; Dalrymple et al. 1992; Thomas
and Anderson 1994; Zaitlin et al. 1994; Buck et al. 1999). Geophysical and core data from the
eastern Mississippi Sound confirms the presence of a complex paleodrainage network incised
into the Pleistocene-Holocene unconformity resulting in variable antecedent topography (Gal
2018; Hollis 2018). Additionally, the bases of some observed paleo-channels are partially infilled
with coarser grained sediments covered by finer grained materials (Zaitlin et al. 1994; Mullenex
2

2016), which is consistent with late Pleistocene fluvial deposition followed by subsequent
Holocene fluvial and marine deposition.

Figure 1.1

The Mississippi Sound with barrier islands and major coastal cities named.

Given the potential impact of antecedent geological framework on modern coastal
processes, many of which are relevant to the safety and success of anthropogenic endeavors, it is
critical that the shallow stratigraphy underlying modern coastal environments is accurately
characterized. This is especially true in the northern Gulf of Mexico where shorelines and coastal
populations are particularly venerable to rapid coastal change resulting from contemporary sea
level rise (Pendleton et al. 2010). Accordingly, the overall goal of this thesis is to characterize
the antecedent topography of the Pleistocene-Holocene unconformity under the western
Mississippi Sound with emphasis on the location of incised paleo-channel features. This will be
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achieved through the synthesis of an extensive database of archived and newly collected seismic
reflection profile data as well as archived core data.
Hypothesis Statement
It is hypothesized that a network of incised paleo-channels is present in the PleistoceneHolocene unconformity surface beneath the western Mississippi Sound and that the
paleotopography associated with the incision of those channels is mappable with reflection
seismology.

4

BACKGROUND
Contemporary Regional Setting and Study Area
The Mississippi Sound is a large bar-built estuary in the northern Gulf of Mexico, within
the territorial limits of the states of Mississippi, Alabama, and Louisiana (Priddy 1955;
Eleuterius and Beaugez 1979; Kindinger 2014). It is 130 km long, 11 to 24 km wide and has an
area of 1320 km2 as well as a mean depth depth of 2.9 m (Eleuterius and Beaugez 1979, Otvos
1985). The Mississippi Sound is a diurnal, microtidal estuary with a tidal range of 0.5 m
(Brunton 1984; Kramer 1990; NOAA 2013; Kindinger et al. 2014). The sound is the terminus of
several major fluvial systems including the Mobile, Pascagoula, Biloxi, Wolf, Jourdan and Pearl
Rivers as well as a number of smaller tributaries that drain the coastal plain (Boone 1973; Curray
and Moore 1963; Isphording et al. 1989; Rose 2010). Salinity of the sound varies spatially from
0 to 36 PSU (Upshaw et al. 1966) and exhibits significant temporal variability, related to river
discharge into the estuary, ranging from well mixed to partially mixed seasonally (Eleuterius and
Beaugez 1979). Presently the Mississippi coastal region is subsiding at approximately 2 mm/yr
due to sediment loading (Ivins et al. 2007). This thesis is specifically focused on the shallow
subsurface sedimentary deposits of the western Mississippi Sound between Point Clear, MS and
the Gulfport ship channel, north and west of Cat Island including Bay St. Louis (figure 1.1).

5

Late Quaternary Sea Level
The shallow stratigraphy underlying the study area for this thesis largely resulted from
eustatic sea level fluctuation during the late Pleistocene and Holocene epochs. The global
elevation of sea level relative to its modern position has been determined through analysis of
oxygen isotope data recorded in the calcium carbonate (CaC03) shells of planktonic protist
known as foraminifera (Waelbroeck et al. 2012) (Figure 2.1). When foraminifera produce their
shells, they incorporate oxygen from the ocean, which contains the stable isotopes 16O and 18O
(Faure and Mensing 2005). The ratio of theses isotopes is known as δ18O and is a direct function
of water temperature at the time of shell formation (Faure and Mensing 2005). Thus, δ18O values
collected from the shells of deceased foraminifera found deposited in the sea floor, provide a
direct proxy for global climate and correlated sea level elevation (Waelbroeck et al. 2012).
Accordingly, glacial – interglacial cycles known as Marine Isotope Stages (MIS) (Emiliani
1955).
This thesis primarily focuses on sedimentary depositional processes that occurred
between the start of MIS 5, approximately 123 ka and when sea level reached its current position
approximately 5.7 ka (Otvos 2001). MIS substage 5e represents the height of the last interglacial
period when sea level in the Gulf of Mexico reached a highstand approximately 3-6 m above its
present elevation (Otvos 2004). This marked the beginning of the Sangamonian Interglacial
Stage in North America, and an accompanying gradual fall in sea level, which lasted through the
beginning of the Wisconsin Glacial Episode approximately 75 ka. That glaciation sequestered
significant amounts of water in continental ice sheets, up to 2 km thick (Flint 1971; Bowen
1978), and resulted in a more rapid sea level fall that culminated in a lowstand 120 m below
present sea level during the Last Glacial Maximum (LGM) approximately 20 – 11.7 ka during
6

MIS 2 (Peltier and Fairbanks 2006; Waelbroeck et al. 2012; Lambeck et al. 2012; Liakka and
Lofverstrom 2018). The LGM lowstand marked the conclusion of the Pleistocene Epoch 11.7 ka
and the subsequent Holocene Epoch (MIS 1) was characterized by a rapid warming and glacial
melting, resulting in a rise of sea level to its present position approximately 5.7 ka (Otvos 2001).
The primary focus of this thesis is the stratigraphic characterization of the unconformable surface
overlying MIS 5 deposits created by the MIS 2 LGM lowstand and subsequent MIS 1 Holocene
transgression in the study area.

1
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Figure 2.1

e

d

Eustatic sea level curve for the last 140 ka (Waelbroeck et al. 2012). Sea level
shown is relative to present sea level. Shaded areas and numbers at the top indicate
Marine Isotope Stages (MIS) with the substages for MIS 5 indicated with gray
letters.
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Coastal Geology
The near surface stratigraphy (depth < 30m) of the study area is characterized by late
Pleistocene aged (MIS 5) sediments of the Biloxi, Prairie, and Gulfport Formations
unconformably topped by a relatively thin layer of reworked Holocene sediments (MIS 1)
(Figure 2.2). The sediments of the Biloxi, Prairie, and Gulfport Formations were deposited in the
Sangamonian Stage during the MIS 5e highstand when the study area was submerged.
Subsequent sea level fall below the present level resulted in subaerial exposure and erosion of
those sediments (Kindinger 1989; Twichell et al. 2011). During that period the study area was an
exposed low gradient coastal plain incised by river and stream networks draining upland
watersheds. (Otvos 1985; Otvos 2001). At the conclusion of the LGM (MIS 2), the Earth’s
climate rapidly warmed resulting in rapid eustatic sea level rise during the Holocene Epoch (MIS
1). During the resulting transgression of the northern Gulf Coastal plain, the eroded and incised
surface was submerged for the first time since MIS 5e, resulting in the unconformable deposition
of a thin (<20m) layer of reworked Holocene aged fluvial and marine marginal sediments that
infilled incised river and stream channels (Kramer 1990; Otvos 2001; Flocks et al. 2015; Greene
et al. 2007, Nichols 1991; Allen and Posamentier 1991, 1993; Boyd and Honig 1992; Shanley
and McCabe 1994; Dalrymple et al. 1992; Thomas and Anderson 1994; Zaitlin et al. 1994; Buck
et al. 1999). The relative thickness of these Holocene sediments were controlled to a large degree
by the antecedent topography of the erosional surface in underlying Sangamonian aged
sediments and coastal sediment transport processes including barrier island and delta migration.

8

Figure 2.2

Neogene and Quaternary Stratigraphic Units of the Mississippi Gulf Coast (Otvos
1994; Otvos 2001).

Regional Stratigraphic Units
Biloxi Formation
The Biloxi Formation is a late Pleistocene fossiliferous fine-clastic unit that grades from
clay to well-sorted fine sand. Its color ranges from bluish gray to greenish gray. Notable fossils
include abundant burrows and oyster shells (Otvos 1985). The depositional environment of this
unit has been interpreted to be a shallow brackish lagoon similar to the modern Mississippi
Sound that was present during the MIS 5e sea level highstand approximately 120 ka (Otvos
9

1985; Otvos 2001; Rose 2010). The Biloxi Formation is laterally extensive across the Mississippi
coast (Figure 2.3). It overlies undifferentiated MIS 6 sediments and thins shoreward as it
interfingers with interfingers with the Gulfport and Prairie formations (Kramer 1990; Mississippi
Department of Environmental Quality 1994).
Gulfport Formation
The Gulfport Formation is a late Pleistocene clastic unit that grades from fine to
medium sand and interfingers with the Biloxi Formation (Schmidt et al, 2014). Its color ranges
from white to gray and the sediment is moderately to well sorted (Otvos 1985; Otvos 2001). The
depositional environment of this unit has been interpreted to be nearshore, beach, dune, and
barrier ridge deposits that were present as during the initial regression from the MIS 5e sea level
highstand approximately 124-115 ka (Kramer 1990; Otvos 1985; Otvos 2001). The Gulfport
Formation ranges in thickness from 3.5-8 m and is also laterally extensive across the Mississippi
coast (Mississippi Department of Environmental Quality 1994) (Figure 2.3).
Prairie Formation
The Prairie Formation is a late Pleistocene clastic unit that grades from silt to sand to
isolated gravel and interfingers with the Biloxi Formation. Its color ranges from pale yellow to
olive green. The depositional environment of this unit has been interpreted to be braided and
meandering fluvial floodplain systems that were present after the regression from the MIS 5e sea
level highstand approximately 120-90 ka (Kramer 1990; Otvos 1985; Otvos 2001; Miselis et al.
2014). The Prairie Formation ranges in thickness from 5-10 m and is also laterally extensive
across the Mississippi Sound (Mississippi Department of Environmental Quality 1994) (Figure
2.3).
10

Figure 2.3

Geologic Formations of the Mississippi Gulf Coast. Note the Biloxi Formation
interfingers with the Gulfport and Prairie Formations and does not outcrop on land
in Mississippi (Otvos 1985; Schmid and Otvos 2001).

Holocene
As noted earlier in the Coastal Geology section, the study area was subaerially exposed and
subject to weathering between the initial regression from the MIS 5e highstand approximately
120 ka and the Holocene transgression, which occurred approximately 6 ka. Research indicates
that this boundary commonly exhibits red to orange oxidation staining as well as humate
staining. Both observations are consistent with prolonged subaerial exposure between MIS 5e
and MIS1 (Reinick and Singh 1980; Kramer 1990; Greene et al. 2007). The sediments deposited
during the rapid Holocene transgression consists of shallow marine, shoal, beach, barrier island,
11

estuary, deltaic, marsh, and fluvial sediments (Otvos 1985; Kramer 1990). The unconsolidated
sediments are generally reworked and range in grain size from clay to sand and include organic
material such as peat. Holocene deposits are 5-15m in thick, with the thickest and least reworked
deposits occurring over lows in the underlying antecedent topography, such as incised river
channels (Otvos 1985; Kramer 1990; Anderson et al. 2014). Holocene deposits were additionally
modified by barrier island development and migration as well as deposition from the St. Bernard
sub delta of the Mississippi River, particularly in the western Mississippi Sound.
Barrier Islands
As sea level approached its current elevation approximately 5.7 ka, its rate or rise slowed
and a chain of barrier islands developed along the Mississippi Gulf Coast (figure 1.1). The
islands developed between 5.7 ka and 4.5 ka, when the Holocene transgression provided
sufficient water depth and wave energy to transport sediments from river deltas along the
shoreline (Otvos 2001; Otvos and Giardino 2004; Kindinger et al. 2014). It has been
hypothesized that transport of sediment from ebb tidal shoals associated with Mobile Bay, served
as the source of barrier sands that were transported westward by alongshore currents (Otvos
1979; Otvos and Carter 2008; Flocks et al. 2015). Recent research indicates that the stratigraphy
and antecedent topography of the MIS 2 sequence boundary influence modern barrier island
sediment supply and position on the Mississippi coast (Hollis 2018).
St. Bernard Delta
The Holocene stratigraphy of the western Mississippi Sound was particularly influenced
by the formation of the St. Bernard sub delta of the Mississippi River between 4 ka and 2 ka
before present (Otvos 1985; Schmid and Otvos 2001) (Figure 2.3). The St. Bernard delta lobe
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prograded eastward into the western Mississippi Sound area until approximately 2 ka when it
was abandoned due to channel avulsions that redirected the Mississippi River and sediment load
southwest to the Lafourche delta (Frazier 1967; Twichell et al. 2011). A change in the direction
and magnitude of wave energy that accompanied the St. Bernard delta growth and the reduction
in sediment supply from decreased westward alongshore transport is thought to have resulted in
reworking of the eastern end of Cat Island into its characteristic north–south trending spits
(Rucker and Snowden 1990; Otvos and Carter 2008). Due to the substantial sediment load of the
Mississippi River, Holocene deposits are generally thicker on the western side of the Mississippi
Sound. As the St. Bernard delta lobe prograded eastward, deltaic plain and pro-deltaic marshland
were constructed in the formerly open waters of the eastern Mississippi Sound, redirecting the
westward flowing longshore current (Otvos and Giardino 2004; Rose, 2010). Research indicates
that the St. Bernard delta was abandoned at 1.8 ka and entered its destructive phase at 1 ka
(Frazier 1967; Penland et al. 1989; Rose 2010).
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Figure 2.4

Adapted depiction of various Mississippi River delta lobes from onset of Holocene
(USACE 1985; Barnhart 2003).
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METHODS
Reflection Seismology
Reflection seismology was used to map the stratigraphy and antecedent topography of the
Pleistocene paleodrainage network in the western Mississippi Sound. Reflection Seismology is a
geophysical method that generates a profile of stratigraphic boundaries by recording the time it
takes for a transmitted seismic (acoustic) pulse to reflect off of layers of differential acoustic
impedance in the subsurface. Horizontally stacking of successive reflection traces for each pulse
yields a full profile that indicates the lateral extent of boundaries between materials with
differing acoustic impedance (e.g. sand and clay). The acoustic impedance of a material is the
product of its density and the speed at which sound propagates through it. The strength of
seismic reflection from a surface is a function of the relative acoustic impedance of the material
above and below the surface as well as the angle of incidence of the seismic ray (Lurton 2002).
The two-way travel time of the seismic pulse from the seismic source to a reflector and back to
the receiver can be converted to depth if the speed of sound is known for each material traversed.
In practice, a reasonable assumption of the speed of sound is made and applied to the raw data to
generate a depth profile (Mussett et al. 2000). For the shallow surveys conducted in this study,
the nominal speed of sound in water and saturated sediment was assumed to be 1500 m/s
(Mussettet et, al. 2000). Given the relatively brief acoustic travel times associated with the
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shallow surveys conducted for this research, this assumption introduces only minor uncertainty
into the vertical position of reflectors.
Newly collected as well as publicly archived chirp sub-bottom and boomer seismic
profiles of the shallow subsurface under the Mississippi Sound, were used to identify and map
the location of paleo-channel features. Chirp and boomer seismic instruments generate profiles
of subsurface stratigraphy by recording the reflection of acoustic pulses off the seafloor and
underlying reflectors as a function of time (Greene et al. 2007; Damuth and Kumar 1975; Lurton
2002). Boomers typically generate acoustic pulses with a frequency range of (400 Hz) whereas
chirp systems generate acoustic pulses with a modulated frequency sweep of (2-16 kHz)
(Gregoire et al. 2017; Rose 2010; Flocks et al. 2015). Chirp systems use piezoelectric ceramic
transducers as a seismic source and boomers generally use metal plates rapidly separated by
electric coils to generate a seismic pulse. The new data were collected with a SB-216S model
chirp sub-bottom profiler, manufactured by EdgeTech Inc. which was operated at a modulated
frequency range of 2-16 kHz resulting in a sub-seafloor penetration depth of approximately 1030 meters (Thomas and Anderson 1994; Kindinger et al. 1994; Greene et al. 2007; Flocks et al.
2015).
Existing Seismic Data
A dataset composed of multiple publicly archived chirp sub-bottom and boomer seismic
profiles of the shallow subsurface stratigraphy under the western Mississippi Sound, was used to
image and map the Pleistocene paleodrainage network. Between the years of 1981-2010, over
978 km of shallow seismic surveys were conducted by federal and state agencies in the western
Mississippi Sound. The oldest archived seismic data available was collected by United States
Geological Survey (USGS) in 1981 (Miller et al. 1981). That effort included the collection of
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700km of high-resolution seismic survey lines with a boomer source and towed array (Miller et
al. 1981). Although a majority of that survey was focused on the Chandeleur islands and
continental shelf offshore of the Mississippi Sound, a series of seismic profiles were collected
north and west of Cat Island and within the study area for this thesis (Figure 3.1).

Figure 3.1

Seismic survey conducted by Miller et al. (1981) for the USGS.

In 1989 the United States Geological Survey contracted The Center for Nearshore Marine
Science at the University of South Florida to survey the Mississippi Sound along the Coast of
Hancock County between Waveland and Bay St. Louis. The 305 km boomer survey was
coincident with the location of existing United States Army Corps of Engineers (USACE)
boreholes and the seismic profile results were published by the US Geological Survey (Figure
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3.2) (Locker and Doyle 1989). Unfortunately, no data for the associated boreholes is available
because it was lost when the facility where it was stored was destroyed by Hurricane Katrina in
2005 (USGS 2016).

Figure 3.2

1989 Survey conducted for the USGS (Locker and Doyle, 1989).

In 1990 and 1991 additional seismic surveys were conducted by the USGS in Mississippi
Sound and offshore of the Mississippi barrier islands on the continental shelf. During the 1990
survey several seismic lines were collected with a boomer system in the Western Mississippi
Sound south of Bay St. Louis including the study area for this thesis (Figure 3.3) (Bosse et al.
2017). In 1991, the USGS conducted additional seismic surveys to investigate the shallow
geologic framework of the Mississippi-Alabama-Florida shelf in the northern Gulf of Mexico,
from the Mississippi Sound to the Florida Panhandle. This survey included the collection of
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seismic profiles in the Mississippi Sound between Cat Island and Gulfport (Figure 3.3) (Sanford
et al. 1991). Notably, the resolution of these data were significantly lower than the other USGS
data used in this thesis.

Figure 3.3

USGS surveys conducted in 1990 and 1991 (Bosse et al. 1990; Sanford et al. 1991)

In 2010, two separate chirp sub bottom seismic surveys were conducted in the western
Mississippi Sound. The first was led by the University of New Orleans (Rose, 2010) (Figure 3.4)
and collected data on all sides of Cat Island. The second survey was conducted in September of
2010, by the USGS in cooperation with the USACE, to investigate the geologic controls on
barrier island dynamics. That survey also collected seismic data in a tight grid around Cat Island.
(Figure 3.5)(Forde et al. 2010).
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Figure 3.4

Seismic survey conducted by Kathryn Rose of UNO in 2010 (K. Rose 2010).
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Figure 3.5

USGS 2010 seismic survey lines (Forde et al. 2010).

New Seismic Data
In addition to the ~978km of previously collected seismic lines used for this research,
~255km of new seismic lines were collected in the western Mississippi Sound with a 2- 16 kHz
chirp sub bottom profiler system (Figure 3.6). The new seismic data were collected from the
research vessel R/V Sound Surveyor on the following dates in 2018: June 12th-15th, August
16th-17th, and November 7th-8th. The chirp towfish, which contained the seismic transducer,
was deployed from a davit on the port side of the vessel and towed at a nominal depth of 0.5
meters and a nominal speed of 4 knots for data collection (Figures A1-A7). The survey lines
were oriented in a grid in order to achieve approximately uniform coverage of the areas of the
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western Mississippi Sound south of Bay Saint Louis and north of Cat Island that had not
previously been surveyed with seismic instrumentation (Figure 3.6). The resolution and
subsurface penetration range of the collected profiles varied during the survey due to survey
vessel speed, sea state conditions, and the reflectivity of seafloor sediments. It was noted that the
thick cover of medium to coarse grained sand proximal to beaches on the north side of the
Mississippi Sound resulted in particularly high seafloor reflectivity and a significant reduction of
seismic profile vertical range. Collected seismic data were recorded on a laptop computer with
EdgeTech Discover software in the proprietary EdgeTech .jsf format. After initial collection, the
files were converted to open source standard .segy format with a conversion utility in the
Discover Software. Files were then imported into QPS Midwater and IHS Kingdom software for
visualization and analysis.
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Figure 3.6

Compiled seismic surveys used in this thesis from the western Mississippi Sound from 1981 to the present.
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Core Data
A substantial number of previous investigations have collected sediment core samples
from the Mississippi Sound, with some of the earliest work occurring in the middle of the last
century. Cores collected in the central portion of the Mississippi sound in 1964, north of Ship
Island, indicated that the Pleistocene-Holocene unconformity occurs at depths that range from 92 meters below the present seafloor. (Rainwater 1964; Kramer 1990). Cores collected north of
Horn Island in 1982 show the Pleistocene-Holocene unconformity at depths of 6-7 meters below
the present seafloor (Carrol 1982; Kramer 1990). In 2007, a study conducted in the eastern
Mississippi Sound and neighboring Mobile Bay the Pleistocene-Holocene unconformity was
observed at depths from 10-12 meters below the present seafloor near shore with depths
increasing to 30 meters well offshore (Greene et al. 2007).

Figure 3.7

Modified and adapted from Greene et al. 2007, the Pleistocene and Holocene
boundary interpreted in the eastern Mississippi Sound.
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Figure 3.8

Map of MDEQ historical core locations and Greene et al. (2007) core locations.
Cores circled in yellow were specifically used to aid interpretation of the
Pleistocene-Holocene boundary with seismic profile data.

Core logs and imagery for the Mississippi Sound sediment core samples used in this
thesis were accessed through the Mississippi Department of Environmental Quality (MDEQ) as
well as publications and are all included in section B of the appendix. Figures 3.8-3.9 highlight
the cores used in this study. The appendix contains two visual figures from the Greene (2007) in
which the Pleistocene-Holocene unconformity is clearly indicated by an abrupt shift in
lithological properties and depositional facies. In both cases the Pleistocene sediments exhibit an
oxidized orange staining, indicative of subaerial exposure, and the overlying Holocene sediments
contain darker, finer grain, and more organically rich sediments. Figures B.1-B.14 in the
appendix are annotated with the position of the Pleistocene-Holocene unconformity as well
(http://geology.deq.ms.gov/coastal). Compiled core data from the Mississippi Sound were used
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to establish the approximate depth and dip of the Pleistocene-Holocene unconformity and
support interpretation of the acoustic reflectors representing that unconformity in seismic
profiles.

Figure 3.9

Known cores in the research area. Cores circled in yellow were specifically used to
aid interpretation of the Pleistocene-Holocene boundary in seismic profile data.
HK-Hancock County. HR-Harrison County. MV-Marine Vibracore. MSMississippi Sound core. BI-Barrier Island core.

Seismic Interpretation
Previously published and newly collected seismic data were all converted to .segy format,
with EdgeTech discover software or the open source jsf2segy utility (O’Brien 2004), and
imported into IHS Kingdom and QPS Midwater software for processing, analysis, and
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interpretation. An amplitude normalization filter and a time variable gain filter were applied to
seismic data imported into QPS Midwater in order to improve the dynamic range of the
reflection values in generated profiles and aid in visual recognition of subsurface reflectors. In
order to initially characterize the Pleistocene-Holocene paleodrainage surface, all profiles were
visually assessed for the presence of stratigraphy consistent with infilled incised paleo-channels
(Figure 3.10). The nominal positions of the channel margins were then identified and logged as
points in a geodatabase, using the geo-picking tool in the QPS Midwater software. Those points
were then plotted on a map of the study area to generate a preliminary indication of the structure
of the Pleistocene paleodrainage network in the study area. Subsequently, additional depth
control points were selected on reflector surfaces interpreted to be the Pleistocene-Holocene
unconformity, based upon the reflector structure, reflection intensity, and consistency with in situ
observations of the unconformity depth from proximal core sample data. These points were
entered into a separate geodatabase and used to interpret the antecedent topography of the
Pleistocene-Holocene unconformity. Finally, processed seismic date were exported from QPS
Midwater software and imported into QPS Fledermaus software to create three-dimensional
fence diagrams of intersecting seismic profiles for use in visual interpretation of the
unconformity surface (Figure 3.10).
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Figure 3.10 Fence Diagram of seismic profiles indicating the Pleistocene-Holocene
unconformity in full scope of this area.

All seismic data were also imported into IHS Kingdom Software and filtered in a similar
manner as indicated above to improve the dynamic range of reflection data to best support visual
identification of subsurface reflectors in seismic profiles. The horizon picking tool was then used
to trace the lateral extent of reflector surfaces interpreted to be the Pleistocene-Holocene
unconformity, based upon the reflector structure, reflection intensity, and consistency with
observations of the unconformity depth from proximal core sample data. Picked horizon position
and depth data were entered into the same geodatabase with depth control points selected in QPS
midwater.
In order to generate a map of the unconformable anteceded topographic surface in the
study area, all latitude/longitude/depth points (4,643) picked for the reflector interpreted to be the
Pleistocene-Holocene paleodrainage surface were gridded using the Topo to Raster surface
interpolation tool in ESRI ArcGIS software. This point interpolation function was selected
because it is designed specifically to create digital elevation models with hydrologically correct
drainage surfaces (Hutchinson et al., 2011). Specifically, it imposes weighted constraints on the
gridding process in order to generate a connected drainage structure. It should be noted that
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ordinary kriging, natural neighbor, and inverse distance weighted interpolation functions all
yielded surfaces comparable to those generated by the topo to raster function. A smoothing
function was applied to the interpolated surface in order to address minor gridding artifacts
resulting from vertical and horizontal uncertainties in selected points.

Figure 3.11 Example of a paleo-channel feature incised into the Pleistocene-Holocene
unconformity surface in the study area. Nominal channel margin positions are
indicated by red points.

Spatial and Temporal Uncertainty
There are a number of methodological sources of uncertainty for the spatial data used in
this thesis. A primary source of potential error in seismic and core observations is horizontal
positional uncertainty. The location of seismic data and core collection was difficult to constrain
prior to the widespread availability of global positioning system (GPS) receivers. Survey vessel
positions determined with Loran-C (a radio-navigation precursor to GPS) had uncertainties on
the order of 100s of meters, which is quite poor compared to the spatial accuracy of modern GPS
receivers, which is less than 2 meters. A secondary source of uncertainty in the seismic
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observations is vertical uncertainty. This can arise from instrumental resolution, which varied
widely across the used seismic data sets as well as the application of uniform sound speed to
convert two-way travel time to depth. Finally, towfish deployment depth, sea state, and tidal
elevation can introduce minor vertical uncertainties as well. However, the total positional
uncertainty of the data used in this thesis is significantly less than the total variability of the
Pleistocene-Holocene unconformity surface topography.
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RESULTS
Pleistocene Paleo-channels
A total of 204 incised paleo-channel profiles in the Pleistocene-Holocene stratigraphic
unconformity were identified through visual analysis of all previously published and newly
collected seismic data presented in figure 4.1. The association of these incised channel features
with the Pleistocene-Holocene unconformity surface was based upon the proximity, in depth, of
the associated seismic reflector to in situ observations of the unconformity in proximal sediment
cores samples. The cross-channel profiles observed in seismic data are often flat bottom with
margins that slope upward to the higher surrounding Pleistocene-Holocene unconformity surface
(Figures 3.9, 4.5, 4.8. and 5.1). In some cases, the channels have a deeper incision to one side
that is often infilled with sedimentary material that exhibits elevated acoustic impedance relative
to surrounding sediments. (Figure 3.9). Additionally, the sediment imaged within the channels is
commonly thinly bedded and flat lying (Figure 3.9). Channel relief, which was measured from
the lowest point in the channel to the level of the Pleistocene-Holocene unconformity
topographic surface surrounding the channel, generally ranges from 5-10 meters (example crosschannel profiles are shown in Figure 4.5 -4.17 and 5.1).
The coordinates of the picked margins for all observed paleo-channels in the study area
are plotted as black dots in figure 4.1. These results indicate that a dense network of paleo-
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Figure 4.1

Paleo-channels identified and mapped out from geo-picking locations in Midwater.
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channels is present just offshore of the coastline between Point Clear and the mouth of Bay St.
Louis as well as along a transect running from the mouth of Bay St. Louis to the northern side of
Cat Island. Additionally, a smaller cluster of picked channel margins points indicates the
presence of paleo-channels just to the west of Cat Island. Analysis of locations where a channel
path could be inferred from the plotted margin points indicates that the Pleistocene-Holocene
unconformity surface paleodrainage network in the study area had a generally east-west
orientation. It additionally showed that paleo-channel width in the study area ranges from 0.3–2
km.
Antecedent Topography
A total of 4,643 latitude/longitude/depth points were derived from the identified
Pleistocene-Holocene unconformity surface in core data as well as picked points and horizons on
seismic reflectors interpreted to be that unconformity. These data were interpolated to create a
topographic surface representing the land surface in the study area immediately before Holocene
transgression (Figure 4.2). These results indicate that the land surface dipped gently to the
southeast (<0.05°) with depths below modern sea level ranging from 5 to 23 meters. This surface
was incised by a network of relatively small channels oriented southwest to northeast and aligned
with the present coastline between Point Clear and the mouth of Bay St. Louis (Figure 4.3).
Additionally, the surface was incised by wider channels with much greater relief-oriented west to
east between Bay St, Louis and Cat Island and north to south to the west of Cat Island (Figure
4.3). Figure 4.4 shows the seismic cross sections overlaid onto the topo-raster for better visual
understanding.
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Figure 4.2

Contour map of Pleistocene surface. -5.5M to -30M is the value range of the depth below surface displayed.
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Figure 4.3

Contour map with paleo-channel picks with interpretation of channel directions.
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Figure 4.4

Contour map with seismic surveys overlaid. The paleo-channel’s colored on top of the seismic lines are those listed
below in this writing.
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Figure 4.5

Line file 2018061251913. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
East

West
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B

Figure 4.6

Line file 20180615121155. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
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Figure 4.7
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Line file 20180615142748. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
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Figure 4.8

D

Line file 20180817130813. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
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Figure 4.9
South

Line file 20180817135753. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
North

F’

F

Figure 4.10 Line file 201817161608. Example of a paleo-channel feature incised into the
Pleistocene-Holocene unconformity surface in the study area.
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North

Figure 4.11 Incised channel with coarser grained sediment indicated by higher acoustic
reflectivity on the right side of the channel (marked with arrow). From line file
201817161608. Prior Line Figure 4.10
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G’

Figure 4.12 Modified Line file usfhc-37segy. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Locker and
Doyle 1989).
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Figure 4.13 Modified Line file usfhc-38segy. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Locker and
Doyle 1989).
East

West
I’

I

Figure 4.14 Modified Line file usfhc-3segy. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Locker and
Doyle 1989).
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Figure 4.15 Modified Line file usfhc-20segy. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Locker and
Doyle 1989).
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Figure 4.16 Modified Line file 10BIM04-01. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Forde et al.
2010).
North
South
L

L’

Figure 4.17 Modified Line file 10BIM04-67. Example of a paleo-channel feature incised into
the Pleistocene-Holocene unconformity surface in the study area (Forde et al.
2010).
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DISCUSSION
Pleistocene Drainage Network
The observed paleo-channels incised into the Pleistocene-Holocene unconformity surface
in the study area exhibit a range of morphologies in cross section that are reflective of the fluvial
and marine marginal processes that formed them. Additionally, the architecture of the channel
filling sediments reflects late Pleistocene and early Holocene fluvial deposition as well as more
recent Holocene marginal marine deposition associated with the MIS 1 sea level transgression.
During the MIS 5e sea level highstand and immediate regression 125-115 ka, the Biloxi,
Gulfport, and Prairie Formations were unconformably deposited above late Pliocene Citronelle
formation. These sediments remained subaerially exposed from approximately 115 ka until 6ka
when the MIS 1 transgression from the LGM lowstand submerged them. During this period of
subaerial exposure, the sediments of the Biloxi, Gulfport, and Prairie Formations were subject to
incision by rivers and erosion. That fluvial incision process is largely responsible for the crosssectional morphology observed in the seismic profiles in this thesis. Notably, some paleochannel profiles exhibit a meandering river type morphology with cut bank and point bar features
(Figure 4.11). It is important to note that as sea level rose toward its current elevation during the
Holocene Epoch, the fluvial depositional processes occurring in these channels would have
likely undergone an evolution towards more deltaic or estuarine depositional processes as base
level rose. This would have resulted in an overall widening and of the channels to reflect a low
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gradient alluvial valley and floodplain morphology rather than a single meandering channel
morphology. A modern analogue for this type of environment is the present Pascagoula and
Pearl River valleys adjacent to the Mississippi Sound coastline. Those broad alluvial valleys
have flat beds and are on the order of 3-5 km wide and with a relief of approximately 5 m.
Additionally, they have active channels which create discreet points of deeper incision relative to
the surrounding valley fill. This alluvial valley morphology with discreet incision is consistent
with the broad paleo-channels observed north of Cat Island (Figures 4.3 and 5.1).
The proposed transition of the observed paleo-channels from meandering river to
deltaic/estuarine, to marine depositional processes as sea level submerged them in the Holocene
Epoch would be reflected in an evolution of channel fill sediment facies from terrestrial to
marine marginal to fully marine facies. Unfortunately, no available core samples have been
collected within channel features in the study area to investigate the presence of this depositional
facies succession. However, seismic results indicate lithological properties consistent with this
conceptual model for paleo-channel infilling. Notably, a number of seismic profiles exhibit
higher amplitude reflections from sediments in the base of incised paleo-channels, which is
consistent with coarser grained fluvial channel sand deposits in a discreet river channel. These
higher impedance deposits are overlain by lower reflectivity, thinly bedded, flat lying sediments,
which would be consistent with deltaic or estuarine deposition in a broader alluvial valley.
Finally, these are topped by more poorly bedded sediments interpreted to be partially reworked
marine facies deposited after complete transgressive submersion of the channels between
approximately 9 ka and 6 ka (Figure 2.1).
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Figure 5.1

Example of a paleo-channel feature incised into the Pleistocene-Holocene
unconformity surface in the study area. This profile images a channel north of Cat
Island. The higher reflectivity surface traced by the green dashed line is interpreted
as coarser fluvial deposits in a narrower river channel. The area between the green
line and the grey line is interpreted as bedded marine margin sediments deposited
as the wider alluvial valley was submerged by sea level rise.
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It is important to note that the above evolutionary model explains the broad paleochannels observed to the north and west of Cat Island. However, the network of channels parallel
to the shoreline to the west of Bay St, Louis exhibits a different morphology. Rather than as
single wide alluvial channel, there appear to be a number of closely spaced individual
meandering channels in a belt (figure 4.13 and 4.14). This morphology is more consistent with
deltaic distributary facies observed in the modern Mississippi delta and may reflect the influence
of more deltaic processes on the western extent of the study area during the MIS 1 transgression.

Antecedent Topography
The presented results indicate that the exposed Pleistocene-Holocene unconformity
surface dips gently to the east and is incised by a series of channels that extend from the present
mouth of Bay St. Louis past the north side of Cat Island. The exact source for these river
channels is not clearly indicated by the results but is likely the ancestral Jourdan, Wolf, and/or
Pearl rivers. To the south of the topographic low created by this paleo-channel complex is a ridge
in the antecedent topography, which is coincident with the position of the east-west oriented
western portion of Cat Island. This observation is consistent with research which indicates that
highs in antecedent topography can serve to “anchor” the position of migrating barrier islands
(McBride et al. 1991; Hollis 2018).
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CONCLUSION
This study synthesizes an extensive database of archived and newly collected seismic
reflection profile data as well as archived core data in order to characterize the structure of the
Pleistocene-Holocene unconformity surface under the western Mississippi Sound with emphasis
on the position and morphology of incised paleo-channel features. Specifically, a paleodrainage
network incised into the Pleistocene-Holocene unconformity was mapped and the antecedent
topography of that surface as mapped. Results suggest that many of the mapped paleo-channels
were wide alluvial valleys, analogous to the modern lower Pascagoula and Pearl River valleys
that evolved from fluvial to estuarine to marine facies through the Holocene transgression.
Notably, the position of Cat Island is coincident with a linear topographic high in the underlying
antecedent topography.
These results are significant because previous research has indicated that antecedent
geological framework topography influences modern coastal processes including rates of modern
coastal erosion and accretion (Riggs et al. 1995; Miselis and McNinch 2006; Twichell et al.
2013), tidal inlet position (Mallinson et al. 2010), sand ridge location (McNinch 2004; Browder
and McNinch 2004), barrier island sediment supply (Rodriguez et al. 2004; Timmons et al.
2010), and hydrologic conductivity (Mulligan et al. 2007; Russoniello et al. 2013; Spalt et al.
2018). Many of these processes are directly relevant to the safety and success of anthropogenic
concerns including commercial fishing, protection of coastal property, and coastal water quality.
48

This is especially true in the northern Gulf of Mexico where shorelines are particularly venerable
to rapid coastal change resulting from contemporary level rise and subsidence (Pendleton et al.
2010).
Given the wide range of important processes that are influenced by antecedent
topography, there are a number of productive focus areas for future research that are suggested
by the presented results. First, seismic results suggest that it would be particularly valuable to
collect a series of core samples in the center of identified paleo-channels. If the presented
conceptual model for channel infilling is correct, the stratigraphy of sediments collected from the
deepest parts of the channels should show a facies succession from fluvial to estuarine to marine
that reflects the late Quaternary coastal evolution of the western Mississippi Sound with a high
degree of temporal resolution. Notably all stratigraphic interpretations could be strengthened
with the collection of C14 or luminescence age dating samples, which would allow far more
precise constrains on the timing of sediment deposition during the Holocene transgression.
Finally, future research should consider the role that the mapped paleo-channel network in the
Pleistocene-Holocene unconformity surface network may play in mediating submarine
groundwater discharge (SGD). SGD of meteoric water from coastal aquifers through the seafloor
is a widespread, but poorly studied, phenomenon that hydrologic modeling indicates is common
in the Mississippi Sound (Sawyer et al. 2016). Additionally, a number of investigations have
demonstrated that incised Pleistocene paleo-channels filled with higher conductivity channel
sands may act as a preferential pathways for groundwater discharge into marine environments
(Mulligan et al. 2007; Russoniello et al. 2013; Spalt et al. 2018).
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It is important to understand the hydrogeological conditions that control the location and
flux of SGD because it has the potential to impact the success of nearshore benthic communities
through modification of localized salinity and temperature gradients as well as nutrient advection
(Johannes 1980; Church 1996; Moore 1999; Burnett et al. 2003; Sawyer et al. 2014; Moosdorf
and Oehler 2017). Because groundwater typically has higher concentrations of dissolved solids
than terrestrial surface waters, SGD often makes a disproportionately large contribution to the
flux of dissolved constituents, including nutrients and pollutants into coastal marine
environments (Burnett et al. 2003). Notably, nutrient (primarily nitrogen and phosphorous) input
from SGD can imperil coastal ecosystems, such as the commercially productive oyster reefs
found in the western Mississippi Sound, by contributing to localized eutrophication, harmful
algal blooms (Hu et al. 2006), hypoxia (McCoy et al. 2011), and pathogen transport (Boehm et
al. 2004). Future investigations of SGD in the western Mississippi Sound would be well advised
to target observations on the locations of incised paleo-channels mapped in this thesis.
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NOTE

This project was paid for with federal funding from the Department of the Treasury under
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the Gulf Coast States Act of 2012 (RESTORE Act). The statements, findings, conclusions, and
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Figure A.1

Diagram of seismic equipment in acquisition configuration on research vessel.
Objects not drawn to scale.
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Figure A.2

SB-216s chirp sonar towfish on deck of research vessel. Black cable coiled
adjacent to it is the connection to the Edgetech 3400 acquisition deck unit.

63

Figure A.3

Edgetech 3400 acquisition deck unit and 120v generator electrical power source.
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Figure A.4

Navigation and seismic equipment control setup on the center console of research
vessel while conducting seismic data acquisition.

Figure A.5

Seismic data acquisition software on laptop computer.
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Figure A.6

Lifting swivel boom with 1000lbs rated wire winch for towfish deployment.
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Figure A.7

Image of SB-216s towfish in water while underway collecting seismic data.
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HISTORIC CORES USED FOR INTERPRETATIONS
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Figure B.1

Mississippi Sound Core Log P-1, Blue line indicates interpreted PleistoceneHolocene boundary (MDEQ).
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Figure B.2

Mississippi Sound Core Log P-2, Blue line indicates interpreted PleistoceneHolocene boundary (MDEQ).
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Figure B.3

Mississippi Sound Core Log P-3, Blue line indicates interpreted PleistoceneHolocene boundary (MDEQ).
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Figure B.4

Modified and adapted from Green et al. (2007), Core photographs showing
Holocene central basin (cores MB-03-4, 14.48–14.57 m; MB-03-5, 13.91–14.08
m; and MS-04-5, 8.32–8.52 m), Pleistocene bay-head delta (cores MB- 03-4,
15.14–15.21; MB-03-5, 14.08–14.28 m; and MS-04-5, 12.75–13.17 m) and
alluvial (core MS-04-5, 19.15–19.36 m), and sequence boundaries A (cores MB03-5 and MB-03-4) and B (core MS-04-5); Notice that here even though almost
50 miles away from study area, the Pleistocene-Holocene boundary is between
10-15M below subsurface matching with what we found in seismic surveys for
depth to unconformity.

72

Figure B.5

Modified and adapted from Rodriguez et al. 2008 Cores are originally from
Greene et al. (2007). MB-03-1, MB-03-4 exhibit the Pleistocene-Holocene
unconformity, while MS-04-5 shows late Pleistocene depositional features and
environments.

73

Figure B.6

Stratigraphic columns modified and adapted from Rodriguez et al. (2008)
originally created from published core data of Greene et al. (2007). The gray
shaded areas are shown in appendix image B.5.
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Figure B.7

Paleo-channels in the Pleistocene-Holocene surface from Greene et al. (2007).
Highlighted areas are those used to support interpretation of seismic data analyzed
in this thesis.
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Figure B.8

Bayou Caddy #1 Core Log. The Pleistocene-Holocene boundary is at a depth of
7.6 m (MDEQ).
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Figure B.9

Cedar Island #2 Core Log. The Pleistocene-Holocene boundary is at a depth of
10.7 m (MDEQ).
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Figure B.10 East Three Oaks core log. The Pleistocene-Holocene boundary is at a depth of 11m
(MDEQ).
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Figure B.11 St. Joseph Point core log. The Pleistocene-Holocene boundary is at a depth of 14m
(MDEQ).
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Figure B.12 Three Oaks Bayou #3 core log. The Pleistocene-Holocene boundary is at a depth
of 10 m (MDEQ).
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Figure B.13 Three Oaks Bayou #1 core log. The Pleistocene-Holocene boundary is at a depth
of 12.5 m (MDEQ).
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Figure B.14 Mississippi Sound cross section modified and adapted from Otvos (1985).
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